Objective: To assess whether polymorphisms of the fat mass and obesity associated gene (FTO) are associated with the presence and severity of degenerative disc disease (DDD) in a Chinese Han population. Methods: In this case-control study, patients with DDD and controls matched for age, sex and body mass index were genotyped for six single nucleotide polymorphisms (SNPs) of FTO. Disease severity was measured using the Japanese Orthopaedic Association score. Allelic, genotypic and genotype-phenotype association analyses were performed. Results: A total of 80 patients with DDD and 80 controls were studied. All six SNPs were in Hardy-Weinberg equilibrium. The frequencies of allele G and genotype G/G of the SNP rs11076008 were significantly associated with DDD after Bonferroni correction. No associations were shown between the SNPs studied and sex or disease severity. Conclusion: The SNP rs11076008 of FTO may play an important role in the development of DDD in a Chinese Han population. The G/G genotype and/or G allele may be a risk factor for DDD. These results suggest that FTO is a DDD predisposition gene and may support a close relationship between obesity and DDD.
Introduction
Degenerative disc disease (DDD) is a major cause of low back pain and is an important source of disability, imposing a large medical and economical burden on society. 1 Several environmental risk factors, including physical loading, vehicular vibration, ageing and smoking, are thought to play key roles in the aetiology of DDD. 2 In addition, a number of gene polymorphisms, including genes coding for collagen IX, 3 aggrecan, 4 vitamin D receptor, 5 matrix metalloproteinase 2 6 and secreted protein acidic and rich in cysteine (SPARC)/osteonectin 7 have been demonstrated to be associated with DDD.
Several independent large-scale genomewide association studies have consistently reported that the fat mass and obesity associated gene (FTO) is associated with obesity-related traits and obesity risk. [8] [9] [10] This association has been replicated in multiple studies in different populations. [11] [12] [13] [14] [15] Furthermore, experimental animal studies have provided direct functional evidence that FTO is a causal gene for obesity. 16, 17 It has been demonstrated that body weight is closely related to the occurrence and development of DDD. 18, 19 Although a number of genetic association studies have been performed for obesity-related genes in Chinese populations, [20] [21] [22] associations between FTO polymorphisms and DDD have not yet been investigated. The aim of the present study was to determine whether polymorphisms of FTO are associated with the presence and severity of DDD in a Chinese Han population.
Patients and methods Patients
Patients with DDD and healthy controls with a body mass index (BMI) <25 kg/m 2 from a Chinese Han population were included in the study. Patients with DDD attending the Department of Orthopaedic Surgery, Renji Hospital, Shanghai Jiaotong University School of Medicine, Shanghai, China, between April 2010 and March 2012 were sequentially enrolled in the study. DDD was diagnosed on the basis of clinical symptoms and signs and magnetic resonance imaging findings. Patients with DDD had suffered from various periods of mild to severe low back pain; when severe, patients may have had referred pain in the buttock or the lower limbs. Patients had received nonoperative treatment, including activity modification, medication, physiotherapy and corticosteroid injections. Those with previous fracture of the spine, Bechterew's disease, or malignancies involving the spine or poliomyelitis were excluded from the study.
Controls were recruited from healthy subjects attending for medical check-ups and were matched for age, sex and BMI to the patients. Controls were evaluated by computed tomography or magnetic resonance imaging to confirm the absence of DDD and had no medical history of low back pain, sciatica or DDD.
Patients and controls were all assessed using the Japanese Orthopaedic Association (JOA) score. 23 The study was confined to participants with a BMI <25 kg/m 2 , which is the cut-off value for overweight in a Chinese population, in order to control for the presence of obesity.
Written or verbal informed consent was obtained from all study participants, and the study protocol was approved by the Ethics Committee of the Renji Hospital, Shanghai Jiaotong University School of Medicine, Shanghai, China.
SNP selection and genotyping
Based on genotype data from the International HapMap project (http:// www.hapmap.org), the following six tagging single nucleotide polymorphisms (SNPs) present in FTO were selected using Haploview 4.1 software (Broad Institute, Cambridge, MA, USA): rs9939609, rs12933928, rs1421085, rs11076008, rs7185783 and rs9923147. The minor allele frequency of all selected SNPs was >5%.
All study participants provided a 5 ml venous blood sample for gene typing. The sample was collected in 2% ethylenediaminetetraacetic acid anticoagulant tubes and fully mixed to prevent clotting. DNA was extracted using the QIAamp DNA Blood Mini Kit (Qiagen, Hilden, Germany) according to the manufacturer's instructions and stored at À80 C until used. Genotyping was performed using the SNPstream Õ system (Beckman Coulter, Brea, CA, USA), which employs a combination of a high-fidelity polymerase reaction, single base primer extension and microarray methods, according to the methods previously described by Bell et al. 24 Details of the six SNPs and the primer sequences used are given in Table 1 .
Statistical analyses
Baseline demographic characteristics in patients and controls were compared using the Student's t-test. The goodness of fit of each SNP to the Hardy-Weinberg equilibrium was assessed in controls using the 2 test. Allelic and genotypic association analyses were also performed using the 2 test. Genotypes that showed a significant relationship with DDD were further evaluated for genotype-phenotype associations in patients, using the 2 test to compare genotype and sex and the Kruskal-Wallis test to compare genotype and JOA score levels. All results were modified by Bonferroni correction for multiple comparisons. A P-value <0.05 was considered to be statistically significant. All statistical analyses were performed using SPSS software version 19.0 (SPSS Inc., Chicago, IL, USA).
Results
Eighty patients with DDD aged 30-72 years and 80 healthy controls aged 28-69 years were included in the study. There were no statistical differences in age, sex, height, weight or BMI between the two groups; however, patients with DDD had a significantly lower JOA score than controls (P < 0.001) ( Table 2) . Table 1 . Reference identification numbers and primer sequences for the six single nucleotide polymorphisms (SNPs) of the fat mass and obesity associated gene used in the study.
Allelic and genotypic association analyses
The allele distributions for all six SNPs studied met the Hardy-Weinberg equilibrium in controls (P > 0.05, goodness-of-fit 2 test). As shown in Table 3 , allele 2 (G) in the SNP rs12933928 (P ¼ 0.024), allele 1 (G) in the SNP rs11076008 (P ¼ 0.002) and allele 1 (G) in the SNP rs9923147 (P ¼ 0.040) were significantly more frequent in patients with DDD than in controls. After strict Bonferroni correction, the P-value for rs11076008 was 0.012. Differences in the allele frequencies between the two groups for the other three SNPs were not statistically significant (Table 3) .
When analysed for genotypic associations (Table 4) , the allele 2/allele 2 (G/G) homozygote in the SNP rs12933928 (P ¼ 0.025) and the allele 1/allele 1 (G/G) homozygote in the SNP rs11076008 (P ¼ 0.005) were significantly more frequent in patients with DDD than in controls. After strict Bonferroni correction, the P-value for rs11076008 was 0.03.
The results of the allelic and genotypic association analyses are summarized in Figure 1 : this shows the statistically significant differences between patients and controls for rs12933928, rs11076008 and rs9923147 on allelic association analysis and for rs12933928 and rs11076008 on genotypic association analysis. Only the relationship between polymorphisms of rs11076008 and DDD was still significant after strict Bonferroni correction.
Genotype-phenotype association analyses
Genotype-phenotype associations were evaluated between the rs11076008 polymorphism and sex or JOA score in patients with DDD. No significant associations were seen between sex and genotype (data not shown) or between JOA score and genotype ( Table 5 ).
Discussion
Degenerative disc disease is caused by degeneration of the intervertebral disc; symptoms include neck, waist, low back or leg pain. Epidemiological studies suggest that genetic factors play an important role in the occurrence and development of lumbar disc degeneration. 2 In 1998, Videman et al. 25 reported that vitamin D receptor gene polymorphism was associated with DDD: this was the first confirmation of a relationship between genetic factors and DDD. Since then, the study of genetic factors associated with DDD has progressed, with the majority of researchers believing that DDD is a multifactorial disease, with genetic factors having a multiple gene effect. Genetic factors may affect intervertebral disc degeneration through a variety of mechanisms, including changes in the morphology and mechanical structure of the spine leading to intolerance to external force. In addition, genes may influence the biological processes of the intervertebral disc, such as the synthesis and destruction of the biochemical components of the disc, which may lead to accelerated disc degeneration.
The gene FTO has become a focus for research since it was reported as a novel obesity-susceptibility gene by a number of genome-wide association studies and followup replication studies. [8] [9] [10] [11] [12] [13] [14] [15] In a study by Liuke et al. 18 of 1 832 Finnish people followed up for 4 years using magnetic resonance imaging, body weight was closely related to the occurrence and development of DDD. A study by Hangai et al. 19 reached a similar conclusion that BMI was an important risk factor for DDD. In biomechanical studies, mechanical stress has been shown to lead to injury and degeneration of the intervertebral disc, supporting the role of body weight in the development of DDD. 26, 27 Given the relationship between obesity and disc degeneration, the present study examined various SNPs of FTO for any association with the presence of DDD in a Chinese population, and demonstrated that the SNP rs11076008 was significantly associated with lumbar DDD. The biological mechanisms involved in the link between FTO polymorphism and DDD are unknown. Since FTO has a variety of functions, there may be other pathways leading to DDD in addition to an increase in BMI. In the present case-control study, in which BMI was matched for, the FTO Table 5 . Association of rs11076008 genotype with Japanese Orthopaedic Association (JOA) score (maximum score 29) in patients with degenerative disc disease (n ¼ 80). rs11076008 polymorphism (G/G) was significantly correlated with DDD after strict Bonferroni correction. FTO has nine exons and covers 400 kb on the long arm of chromosome 16. 8, 9 It has been shown that some regions of the gene are highly conserved, with minor differences among different species of vertebrates. 28 In addition to its effect on BMI, FTO is also closely associated with human leptin levels and energy balance. 29 Genetic factors may have different effects in different populations, and the interaction between environmental factors and genetic factors makes the situation even more complex. It is therefore important to study genetic factors in large samples from different populations and to verify the reproducibility of such research results. Since DDD is a complex multifactorial disorder, it is important to develop a statistical model that includes both environmental and genetic factors. As yet there is limited understanding about the physiology of FTO, and the relationship between FTO polymorphism and the aetiology of DDD needs further clarification.
Genotype
Limitations of this study include the small sample size, lack of generalizability beyond the Chinese Han population, and the limited evaluation of clinical symptoms. Multicentre studies with a large sample population with further analysis of SNPs are necessary.
In conclusion, the present study showed that the genetic variant rs11076008 of the gene FTO is associated with DDD and may play an important role in its development in Chinese Han population. These results indicate that the G/G genotype and/or the G allele of this SNP may be a risk factor for DDD. No associations were shown between the SNPs studied and sex or disease severity. The results of the present study suggest that FTO is a DDD predisposition gene and may support a close relationship between obesity and DDD.
Declaration of conflicting interest
The authors declare that there is no conflict of interest.
Funding

